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ABSTRACT 


Results of wind tunnel heat transfer tests of 0.0175-scale Rockwel] 
International Space Shuttle Vehicle configurations for orbiter alone, 
tank alone, and orbiter plus external tank are presented in this report. 
Body flap Shielding of SSME's during simulated entry was also investi- 
gated. | 

The tests were conducted at Mach 8 for thirteen Reynolds number per 


foot values ranging from 0.5 x 106 to 3.72 x 106, 
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INDEX OF DATA FIGURES (Concluded) 


COEFFICIENT SCHEDULE: 
A: HI/HO, HU/HO vs X/LT 
B: HI/HO, HU/HO vs X/L | 
C: HI/HO, HU/HO vs X/C 
D: HU/HO vs X/C 
E: HI/HO vs X/L 
F: HU/HO vs X/L 
G: HU/HO vs X 


NOTE: A large volume of working data plots were generated and 
released by the Data Management Services during initial 
data processing activities. However, for documentation 
purposes, only a small representative selection of plots 
are included. The data will remain on file and be availa- 


ble for any future applications. 








INTRODUCTION 


The experimental investigation described in this report was performed 
to obtain aerodynamic heating rate data in both ascent and entry flight 
regimes of the Space Shuttle Vehicle. second stage ascent interference 
heating was investigated with the orbiter alone, tank alone and orbiter 
plus external tank configurations at angles of attack of -10°, 7 0°, 
and 5° and sideslip angles of 0° and -2°. 

Orbiter entry heating data was obtained over an angle of attack range 
of 25° to 45° for Sideslip angles of 0° and 5°. Effects of control surface 
deflections and body flap nozzle shielding were also investigated. 

The east orooran was conducted in the Arnold Engineering Development 
Center VKF 50-inch B tunnel at Mach 8 for free-stream Reynolds number per 


foot values from 0.5 x 10° to 3.72 x 10°, 





Plot 
symbol] 


HREF 
HI /HO 


HI/HU 


HU/HO 


HAW/HT 


MACH 
RN/L 


NOMENCLATURE 


AM rtaprr npr cre prea rRNA 


model skin thickness, span, in 

chord, in 

specific heat of model material, BTU/Tbm - °R 

heat transfer coefficient, BTU/ft¢-sec-°R 
reference heat transfer coefficient, BTU/ft¢-sec-R 


ratio of interference heat transfer coefficient 
to stagnation heat transfer coefficient 


ratio of interference heat transfer coefficient 
to undisturbed heat transfer coefficient 


ratio of undisturbed heat transfer coefficient to 
Stagnation heat transfer coefficient 


enthalpy, BTU/1bm 

adjabatic wall temperature ratio, Taw/To (recovery 
factor). NOTE: Where HAW/HT = 0.0 in displayed 
data, the heat transfer coefficient has been calcu- 
lated using a recovery factor calculated from Tay/To = 
(0.867+0.133 sin!+55 6), where § = (a + @). Alpha is 
the model angle of attack and theta is local surface 
angle. 

length, in 

Mach number 

unit Reynolds number, per foot 

time, sec 

temperature, °R 

Stagnation temperature, °R 


initial temperature, °R 


symbol 


aw 
Qj 
T/C 


Plot 
symbo | 


X/C 
X/L 


X/LT 


2Y/B 
Z/BV 


B. FLAP 


Beta 


ALPHA 
ELEVON 


PHI 
PHIN 





NOMENCLATURE ~- Continued 


Definition 


adiabatic wall temperature, °R 
initial heat transfer rate, BIU/sec 
thermocouple 

model material density, 1bm/ft3 


axial distance from nose to corresponding 
component, in | 


chordwise location, fraction of local chord 
longitudinal location, fraction of length 
SPanwise distance from centerline, in 
longitudinal location on tank, fraction of length 
waterplane distance, in 

spanwise location of semispan 

vertical tail location, fraction of height 
aileron deflection angle, degrees 

body flap deflection angle, degrees 

rudder deflection angle, degrees 

Sideslip angle, degrees 

angle of attack, degrees 

elevon deflection angle, degrees 

radial loaction on ee degrees 


radial location on orbiter nozzle, degrees 


NOMENCLATURE - Concluded 


Subscripts 


aw adiabatic wall condition 
7} initial condition 

6 Orbiter 

a tank 

V vertical tail 

W wall conditions 

O stagnation conditions 








REMARKS 


During the course of mated configuration testing, it was felt that the 
forward canopy to wing bottom surface seam may have affected transition. 
This seam was repaired with dental plaster and 48 transition study runs 
were made at the end of the test with the orbiter alone configuration. These 


runs (177-224) consisted Of eleven Re/ft values at two angles of attack, 


and demonstrated that the seam did not prematurely trip the boundary layer. 


The original run schedule did not include obtaining data from the 11 
T/C's on the windshield, but during the test high heating rates were ob- 
served in the canopy area. Therefore, three runs (#31, 32, and 33) were 
added to the run schedule to obtain this data. The First 11 T/C's of the 
data acquisition system switch position No. 1 were replaced with the wind- 


Shield T/C's for these runs. — 


CONFIGURATIONS INVESTIGATED 


The 22-OT model is a 0.0175-scale replica of the Vehicle 3 configuration 
Rockwell International Space Shuttle Orbiter and external tank per Drawing 
Number VL70-000139.° The model was a thin skin thermocouple model instrumented 
with 428 iron-constantan thermocouples and was sting mounted through the 
orbiter base. The tank was sting mounted to the orbiter sting. 

Provisions were made to test elevon deflections of 0°, +5°, +10°; 
body flap deflections of 0°, +10°; and rudder flare angles of 0° and 40°. 
Entry orbiter nozzle heating data was obtained by replacing the orbiter 
main afin with an instrumented base plate and nozzle and an offset sting 
mounted through the vertical tail area. The offset sting simulated a rudder 
flare deflection angle of 40°. 

The main model structure is 15-5 PH stainless steel with instrumented 
areas Of 15-5 PH and 17-7 PH. Thermocouple locations and local skin thick- 
nesses are presented in Table 4. The model] instrumentation reference system 
is described in Figure 1. The configurations tested are described below 


with the component definitions given in Table 3. 


Bigs Cos Mgs Fes Wiggs Enos Vos Re Orbiter alone (0,) 

Byz> Cys Mgs Fos Wigs Enos Vas Res Tig Orbiter plus tank (0; + TQ) 
Tho Tank alone (Typ) 

Bias Co, Mas Fes Wig3> Laos Vos Res N Descent orbiter alone nozzle 


heating (0>) 








TEST FACILITY DESCRIPTION 


The Arnold Engineering Development Center (AEDC) is an Air Force 
Facility located in Tullahoma, Tennessee. The tunnel used, Tunne] B, is 
located in the Von Karman Facility portion of this center. Engineering 
and other technical operations in this tunnel are performed by contractor 
personnel of ARO, Inc. | 

Tunnel B is a continuous , closed circuit, variable density wind 
tunnel with an axisymmetric contoured nozzle and a 50-inch diameter test 
section. The tunnel can be operated. at a nominal Mach number of 6 or 8 
at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively, 
and at a stagnation temperature of up to 1350°R, The model may be in- 
Jected into the tunnel for a test run and then retracted for model cooling 


Or model changes without interrupting the tunnel flow. 





TEST PROCEDURES 


The model was installed upright for second stage testing and offset- 
sting nozzle heating and transition studies. The orbiter was inverted for 
entry, orbiter alone testing. All configurations were leveled in both pitch 
and yaw planes. Yaw angles were obtained by combinations of roll and pitch 
with the tunnel model support system. 

All instrumentation leads were routed internally through the model sup- 
port apparatus to the data acquisition patching network outside the tunnel. 
Two hundred ninety one thermocouples were connected to the instrumentation 
patch board. Since the data acquisition system capability was ninety-seven 
recorded thermocouples per run, three runs were necessary for one test point. 
Each run of the test point series corresponded to one switch position (97 
channels) of the data acquisition system. 

The model was injected into the flow and remained on centerline for 
approximately one second. After retraction, the model was cooled to an 
isothermal state by air from high pressure manifolds. 

For orbiter transition studies and nozzle heating tests, the orbiter 
base and main sting were removed and replaced with an instrumented base plate 
and nozzle. The model was then mounted with an offset sting through the 
vertical tail area. Only two main engines were simulated and only the left 


nozzle was instrumented. Shadowgraphs were taken for each run of the program. 
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DATA REDUCTION 


Thermocouple outputs were recorded on magnetic tape at the rate of 
20 times per second from the start of the injection cycle until about 4 
seconds after the model reached the tunnel centerline. The heat transfer 
coefficient, h, was computed from the relation 
din (423 
h = Whe, ———9__# 
where 


model skin density, Ibm/#t? 


= 
I 


b 


model skin thickness, ft 


Cy = model skin specific heat, BTU/Tbm - °R 


Live = initial model skin temperature, °R 


This relation was derived from the equation 


Wbe : 


which neglects conduction losses and the assumptions that h, W, and 
Ch are constants. 


If conduction losses are indeed very small, then 


a me 
Tn iL-—] 
0 W 


versus time is very nearly linear. Even when conduction effects 


are significant, a small linear portion of the curve can generally be found 
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at early time. It is for this reason that a linear least squares curve 


~ T.)}, begun as soon as it could be determined 


fbr Inge T= 1, 


0 wi 
that the model had reached uniform flow, was used to compute the derivative 





Loom Ta 
d[ In (= 7) 
Seecaae asia 
dt 


and then h. 
The lengths of the curve fits were kept as short as possible and yet 
be consistent with system noise characteristics. These curve fit lengths 


are given below: 


Range No. of Points 
dT 

32 < a 5 
dT 

<a § 32 7 
dT 
Ww o< 
dT 
Ww < 
dT, 

2< qe 4 17 
dT 

l< qe 22 25 
dT 
— < | 4] 
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TABLE I. - TEST CONDITIONS 









DATE $ Sept. 1973 
TEST CONDITIONS 





DYNAMIC PRESSURE STAGNATION TEMPERATURE| 
(pounds/sq. inch) (degrees Fahrenheit) 


REYNOLDS NUMBER 
(per unit length) 


Te vasa diah eniemmebeenbetanaen naneneheneaehdadehemimeanamd 


0.5 x 10°/ft 
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NASA-MSFC-MAF 


TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY - B17 | 





ee Te Tn 





ap atte Fa" a 


GENERAL DESCRIPTION: Fuselage, 3 configuration, lightweight orbiter per oo. 


Rockwell lines drawing No. VL70-000139 | ae 
Men cs ge a cea 


MODEL SCALE: 0.0175 


DRAWING NO.: VL70-000139 





DIMENSIONS: FULL SCALE MODEL SuAbe 
Length - In. 1290 . 3 22 .58025 
Max. width - In. 267-6 6830 
Max.depth - In. 2uh 5 27875 
Fineness Ratio | | 4.82175 + 82 82175 
Area - ft 

Max. Cross-sectional 386 .67 Q.11842 
Wetted ae seacciti 
Base 


>A 











TABLE III. - Continued. 


MODEL COMPONENT: CANOPY - G7 = 
GENERAL DESCRIPTION: Configuration 3.per Rockwell Lines VL70-000139 


Insufficient information to complete dimensional data at this time. | 
MODEL SCALE: 0.0175 | | | 


DRAWING NUMBER: VL70-000139 


DIMENSIONS: MODEL SCALE 


Length (X, = 433 to X, = 670) -~ in Fs 4.148 





Max.Width 





Max.Depth (Z) = to 2 = 501) in FS 


Fineness ratio 


ie 18 


pie mensienectnceere 
Area - £t© 
| Max. Cross-sectional 
Planform 
Wetted | | | 
Base 
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TABLE 


MODEL COMPONENT: OMS POD - M, 





II]. - Continued. 


ha Whe A, Mr, at i PERAK AM Ml ith ha SSA tc I Aes 


GEWERA!, DESCRIPTION: Orbital maneuvering system pods located on the orbiter 


aft fuselage. 





MODEL SCALE: 0.0175 
DRAWING NUMBER: VL70-000139 
DIMENSIONS ; 
Length - fn. 
Mex. Width - in. 
Max. Depti - In. 
Fineness Ratio 
et -~ fte 
Max cross sectional 
Planform 
Wetted 
Base 


@ of OMS Pod 


WE = 463.9 In. FS; WP 400 + 63.9 = 463.9 


BP ™ 80.0 In. FS 


LENGTH: 1214.0 to 1560.0 = 346.0 In. FS 


HOTE; Mj, is identical to M. of 2A configuration, 


except intersection 





o body. 
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FULL SCALE 
6 O 
108.0 


113.90 


Oe ee tee ea Tee koe al 


MOVED SCALE 
nen 10550 
1.8. 








TABLE III. - Continued. 


MODEL COMPONENT: BODY FLAP - Fs 

GENERAL DESCRIPTION: 3 Configuration per Rockwell Lines VL70-000139 
MODEL SCALE: 0.0175 : 

DRAWING NUMBER: V1L70-000139 


DIMENSIONS: | FULL SCALE MODEL SCALE 
Length - In. 84.70" 1.48225 
Max. width - In. 267 .6 | 4.6830 
Max. Depth 





Fineness Ratio 








Area - £t@ 
Max Cross-sectional | 
Planform Lh2 5195 0.04365 
Wetted | ee 
Base | 38.0958 0.01167 


2] 


- TABLE III. - Continued. 
WING-W 103 


GENERAL DESCRIPTION: Confieuretion 3 Orbiter per Lines VL70-000139. 


MODEL COMPONENT: 


fe Phageber pO ARS SP STA 


NOTE: Seme planform as WE7, except dihedral at Hao 


Leer Ae pring K Ge RRP A 


enn meeeenemeetnemnetaerineataemenniiennmnneaa aa AD SAEED REFERENT NSS HIN 1 MERIDA 4: ARREARS 2+ 


Seale Model = 









pS A A BNE NIA RADI Aa te bt = 21 AROMAT OAR RI 








~ 









| TESTNO.. DWG. NO. VL7O-CCO 3G 
DIMENS TONS: FULL~SCALE MODEL SCALE 
TOTAL DATA 
rea (ineo,) Ft? 
Planform 2690 .00 0.82381 
Span (Theo In. 936, 68. ~T6. 39190 __ 
Aspect Ratio 2a 205 ohn 
Rate of Taper tad as 
Taper Ratio - % 0.200. ee ae 
Dihedral Angle, degrees (@ TE of Flevon) 2500 eh ne 
~ Incldence Angle, degrees 000 3a 
Aerodynamic Twist, degrees | +3000 3.000 
Sweep Back Angles, degrees 
Leading Edge 1,5. 000 £5,000) 
Trailing Edge -~10,2 Se ee 
ai ae Element Line B5 209 35 CY 
ords: | 
Root (Theo) B.P.0.0- 689.24 Le .Q6LT7O 
Tip, (Theo) B.P. 137,25 “2 WLe 38 
MAC £7.28) 8 30018 
Fus. Sta. of .25 MAC 136,89 19.8598 
W.P. of «25 MAC 9994.20 » 2 300 
B.L. of .25 MAC , 182.13 3 LbfeE } 
EXPUSED DATA 
rea neo Ft 1752.29 O% 5 3664 
Span, (Theo) In. BP108 é c. 
Aspect Ratio 2.058 2,058 
Taper Ratio 0.2451 0,215.1 
Chords | 
Root BP108 562.40 9.8420 
Tip 1.00 b 137.85 2.41238 
MAC 393.03 6.87802 
Fus. Sta. of .25 MAC Ti65.31 20. 74292. 
W.P. of .25 MAC ~~300. 20 5.25 
B.L. of .25 MAC 251.70 2 51.580 
Airfoil Section (Rockwell Mod NASA) ee nee 
Root b » XXKK~ 64 0.10 0.10 
2 en ee retake s 
Tip b= 0.12 0.12 
| vd ae eee ee 
Data for (1) of (2) Sides 
Leading Edge Cuff 
Piantorm Area rte ae ek ee ma WTS ce 
Leading Edge Intersects Fus M. L. @ Sta 560.0 7.800 
Leading Edge Intersects Wing @ Sta 4 1.635.0 Te T1250 


# 


Oo te 


F um 


TABLE III, - Continued. 


MODEL COMPONENT: ELEVON- E>o 


GENERAL DESCRIPTION: 3 configuration per W103 Rockwell Lines Drawing 
VL70-000139 data for (1) of (2) Sides. 


SCALE MODEL: 0.0175 
DRAWING NUMBER: VL70-000139 


DIMENSIONS: FULL SCALE MODEL SCALE 
Area - ft? } 205-52 __0.0629h 
Span (equivalent) - In. 353.34 6.18345 
Inb'd equivalent chord | 114.78 2.00865 


Outb'd equivalent chord 55.00 0.96250 


Ratio movable surface chord/ 
total. surface chord 





At inb'd equiv. chord | -208 208 
At outb'd equiv. chord | 400 400 





Sweep-back angles, degrees 











Leading edge 0.00 | Q.00 

Trailing edge - 10.2k - 10.24 

Hingeline 0.00 0.00 
Area Moment (Normal to hingeline) - ft3 1548.07 __0.00829 


(Product of Area Moment) 
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TABLE III. - Continued. 


MODEL COMPONENT: VERTICAL, V7 (Lightweight Orbiter Configuration) 
GENERAL DESCRIPTION: Centerline vertical tail, double-wedge airfoil with 


rounded leading edge. 


HOTE: Same as Vs but with manipulator housing removed. 2 


MODEL SCALE: 0.0175 
DRAWING NUMBER: VL70-000139, VL70-000095 
DIMENSIONS: 


TOTAL DATA 
Area (Theo) - ft 
- Planform 

Span (Theo) - In. 

Aspect ratio 

Rate of taper 

Taper ratio 

Sweep-back angles, degrees 
Leading edge 
Trailing edge 


0.25 Element line 


Chords; 
Root (Theo) WP 
Tip (Theo) WP 
MAC 
Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


Airfoil section: 
Leading wedge anble - deg. 
Trailing wedge angle - deg. 
Leading edge radius 

Void area - FF 


Hlanketed area 


30 





FULL SCALE MODEL SCALE 


: 0.13044 
313-2 3-52910 _ 


000 
2 
2 


ls 000 | Ms. 
268. 698 
“108. 189622 — Bb 


1 


si 


— 35.6125 — 
ll.lel 





S22 
0.00 0.00 
10.000 10 .000 
ih 920 14.920 


2.0 Q .0350 
13.17 0.00403 


0.00 Q.00 
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TABLE III. - Continued. 





COMPONENT DIMENSIONAL DATA 


MODEL COMPONENT: RUDDER - Rs 


GENERAL DESCRIPTION: 2A and confi tion per Rockwell Lines Dravwi 


¥LT0-000095 _ : 
Sa eg re a gts ) - 


MODEL SCALE: 0.0175 
“DRAWING NUMBER: VL70-000139, VL70-000095 
DIMENSIONS: 

Area - ft< 

Span (equivalent) - in. 

Inb'd equivalent chord 

Outb'd equivalent chord 


Ratio movable surface chord/ 
total surface chord 


At inb'd equiv. chord 

At outb'd equiv. chora 
Sweep-back angles, degrees 

Teading edge 

Tfreailing edge 

Hingeline 


Area Moment (normal to hingeline) ~ ft3 
Product of area and mean chord 
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FULL SCALE MODEL SCALE 
106.38 0.03258 | 
201.0 3.5175 

91.585 1.60274 
90 .833 0.88958 


0.400 0.400 


(CONTRO eremrememceiremraremerin 


0.400 =o. ko 


34.83 34.83 
26.25 26.25 


"34.83 34.83 


526.13 0.00282 


TABLE III. - Continued. 


MODEL COMPONENT: EXTERNAL TANK - T10 


BM te hae Ne a ac A lela AAACN BRING APR tal? AACE ARR NEE 


GEBERAL DESCRIPTION: External O en-hydrogen tank confi tion r 


a Ard led  A. + 2ab BP CEP AAAI A 


Rockwell Lines drawing VL78-000041 and VL72-000088 ere ree 


a nr ag, PA > RAP A A 





A A lb NRO CRN Rae Nn RAN RND ih MNT “ac ARAR EN i Pg ACUI PLN NS PHENO SE OO RE ~~ 


MODEL SCALE: 0.0175 


DRAWING NUMBER: VL72-000088, VL78-000041 


DIMENSIONS: FULL SCALE MODEL SCALE 
Length - In. (Nose @ Xp = 309) ; 1865 32 63750 
Max. width (Dia) - In. 30h 5.670 
Max. depth ~~ “= 
Fineness Ratio 5.75617... , 5+ 75617 
Area - £t° 
Max. Cross-Sectional 572.555 0.17534 
Planform : 
Wetted 
Base 

WP of Tank Centerline (X,) In. _____ 400.0 7-00 
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TABLE III. - Concluded. 


MODEL COMPONENT: MPS NOZZLES - N ‘ 
ee 


GENERAL DESCRIPTION: Only the exterior surface of the nozzle was 





simulated. | | 
aaa eae eteeeameie eee FE Gag a ee rn lait a Se 


mere, tte eee | 
MODEL SCALE: 0.0175 





DRAVING NUMBER: UL70-0001 39 

a 

DIMENSIONS: | FULL SCe+LE MODEL SCALE 
MACH NO. 


Length = In, 
Gimbal Point to Fxit Plane 


Throat lo Exit Plane 
Diameter - In. | 
HXit 
Throat 
Inlet aac a OE 
“} 
é£rea - £t° 
Exit 
Throat 
Gimbal Point (Station) - In. 
Upper Nozzle 
A areas eee nentepeee eens he <—penener nifty ence aeatchtmneppecrnstee 
Y - A ee irae ee a een 
Z 
Lower Nozzles 
‘x 
Bg Stine SE fare tt 
zj 


Null Position - Deg. 
Upper Nozzle 


Pitch 
Yaw 
A fini ree rere ati (tn cece stems nteeenenaoe—wereees 
Lover Novwele 
Pitelh 
Seen Netremenemnacteeee teva amr ‘lean aa ppt ensr apnea, 
Yaw 
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Table IV. -Orbiter T/C Locations. 
Model 22-0OT 
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Table IV. (Cont'd) 
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Table IV. (cont'd) Orbiter 
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(Cont'd) Orbiter 


Teble IV. (Cont'd) Orbiter 
FULL SCALE MODEL SCALE 
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Table IV. (Continued) orister 
[MODEL SCALE | 






i FULL SCALE 
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Table IV. (Continued)  oOrbicer 
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Table Iv. (Continued) Orbiter 
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Table lv. (Continued) 
Crbiter 
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Table IV. (Continued) orbiter 
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Table Iv. (Continued) 
(External Tank) — 
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TABLE V. 
THERMOCOUPLE HOOKUP SCHEDULE 


T/C Schedule 1 





Channel T/C Channel TG Channel T/C 
__No. Nos _ No. No. _No. No. 

1 1 33 34 65 6E 

2 2 34 35 66 69 

3 3 32 36 67 (a! 

ly 4 36 37 68 72 

2 2 37 38 69 7h 

6 6 38 39 {0 90 

7 i" GW, LO fe: 91 

8 8 WO 41 72 92 

9 9 hy he 73 G3 

10 10 ho 3 van Ou 

Ll 43 4h 15 95 

12 Yay ks 76 96 

14 4S 46 77 97 

15 46 47 78 98 

16 47 48 79 99 

L7 48 kg 80 100 

18 Ke) 50 81 101 

19 50 pet 82 102 

20 Sl 52 83 103 

coh 52 53 84. LO4 

22 53 54 85 105 

23 5h 56 86 Pi. 

ok 55 58 87 LL5 

25 56 59 88 LL6 

26 57 60 89 134 

27 58 61 90 135 

28 59 62 gl 150 

29 60 63 ge 155 

30 61 64 93 156 

31 62 65 orn 157 

32 63 66 95 156 

33 64 67 96 L59 

97 160 
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TABLE V. - Continued. 
THERMOCOUPLE HOOKUP SCHEDULE 
T/C Schedule 2 


Chen No. T/C No_ Chen No T/C _No_ Ch-n No. T/C _No. 
1 161 33 193 65 229 
2 162 7 3h 19h 66 230 
3 163 35 195 67 233 
L 16L 36 196 68 231, 
5 165 37 197 69 216 
6 166 38s 98 0 217 
7 167 39 199 | 71 ei 
g 168 LO 200 72 219 
9 169 Bi 201 73 271: 
10 170 12 202 7h 275 
11 7 LB 203 75 276 
12 172 Ld 20), 76 280 
1300 173 L5 205 a9 281 
lL 17, 16 206 78 282 
15 175 Ly. 207 | 79 285 
16 176 Lg 208 80 286 
7s 77 49 209 81 288 
18 178 50 210 82 501 
19 179 51 211 83 502 
20 180 52 212 8h 503 
21 181 53 213 85 50h 
22 182 Sh 21h 86 505 
23 183 55 215 87 506 
2h, 18h 56 216 88 507 
25 185 57 217 89 508 
26 186 58 218 90 509 
27 187 59 219 91 510 
28 188 60 220 92 511 
29 189 61 221 93 512 
30 190 62 222 9h 513 
31 191 63 223 95 515 
32 192 bh 221, 96 516 

97 517 
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TABLE V. - Continued. 
THERMOCOUPLE HOOKUP SCHEDULE 


T/C Schedvle 3 _ 


Chin No. T/C No. Chan No. T/C No Chan No. TOTS 
1 519 33 574 65 LOY 
2 52) 34 576 66 610 
2 523 35 577 67 no 
a 526 36 578 68 &12 
5 829 37 579 | 69 614 
6 53] 38 580 70 OLk 
7 a3 39 58] pee Ale 
8 030 10 582 72 O16. 
9 oad hl 583 ee 617 


539 L2 58h, Th A18 
BLL 13 585 . A619 
SUL Lk, 586 76 620 
Sub LS 587 OG E2] 
SLES L6 589 78 622 
550 7 | 590 79 623 
Dua L& 591 80 O21, 
655 L9 592 Bl. 625 
55) 50 591, 82 626 
pels: 51 595 83 A27 
561 52 596 EL, 628 
562 53 597 35 — 629 
563 5k 598 86 6,30 
56L a> E99 87 631 
B65 56 600 | Ba 632 
566 a 601 | a9 633 
Say 58 602 90 6,3), 
568 rg 603 91 635 
569 60 601, 92 A536 
570 61 605 93 (37 
572 63 607 95 639 
O13 61, 608 96 610 

97 641 
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TABLE V. - Continued. 


THERMOCOUPLE HOOKUP SCHEDULE 
T/C Schedule 1 _ 


Chyn No T/C No. Chen No T/C No Ch'n No T/C No 
1 77 33 3h 65 oS 
2 78 3h 35 66 69 
3 79 35 36 67 71 
L 80 36 37 68 72 
5 81 37 | 38 | 69 71 
6 82 38 39 70 90 
7 83 39 LO 71 91 
g BL LO LI 72 92 
9 85 LY 12 73 93 
10 86 12 13 7h 9h 
11 87 13 Ld 75 95 
12 12 hk Le 76 96 
13 1b 45 L6 77 97 
lh 15 Lé 4? 78 98 
15 16 17 L8 79 a9 
16 17 L8 49 80 100 
a7 18 L9 50 81 101 
18 19 50 51 82 102 
19 20 51 52 83 103 
20 21 52 53 8), 104 
21 22 53 5h 85 105 
22 23 5h 56 86 111 
23 2h 55 58 87 115 
2h 25 56 59 88 116 
25 26 . ST 60 | 89 13h 
26 27 58 él 90 135 
27 28 59 62 91 150 
28 29 60 63 92 155 
29 30 | 61 6h 93 156 
30 31 62 65 9h 157 
31 32 63 66 95 158 
22 33 61 67 96 159 
97 160 
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TABLE V. - Continued. 
THERMOCOUPLE HOOKUP SCHEDULE 


T/C Schedule Dige 


Chrn No T/C No. Chen No T/C No Chin No T/C No 

1 Onen 33 Open 6 Oper 

9 | 3 i, Af& 

3 ao ) 67 

d, 3 6 62 

5 a7 - Ag 

6 38 | 70 

e 39 | fal 

8 LO , 79 

9 Ll : Fo 
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“2 PR} OS: 
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57 | 89 508 
58 : 90 509 
59 91 B10 
60 92 pee 
61 , 93 S12 
62 | 91. 513 
63 . 95 S15 
6h 96 516 

| 97 517 
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TABLE V. - Continued. 


T/C Schedule 6 JHERMOCOUPLE HOOKUP SCHEDULE 

Chrn No T/C No Chen No T/C No Chen No T/C _No 
1 59 23 110 65 142 
2 60 Bhi 111 66 143 
3 61 35 112 67 hk 
i, 62 36 113 | 68 1h5 
5 63 a7 Ws, | 69 1L6 
6 6h 38 15 | 70 114.7 
< 65 39 116 71 148 
8 66 10 117 72 149 
9 67 Lh 118 | 73 150 
10 68 42 1g 7h 151 
ll 69 430 120 | 75 152 
12 70 Ld, 121 76 Lo 
13 71 A5 122 77 15h 
lh 72 1,6 123 3 78 155 
15 73 47 124, | | 79 156 
16 7h Lg 125 | 80 157 
17 75 | 49 126 81 158 
18 76 50 127 82 159 
19 88 51 128 : 83 160 
20 89 520 129 8), | 161 
21 90 a3 130 85 162 
22 91 | Sh, 4131 86 163 
23 92 55 132 87 164 
21, 101 56 133 | 88 165 
25 102 57 «134 89 | 166 
26 103 | 58 135 | 90 ~ 207. 
27 104, 59 — 1B6 91 168 
28 105 60 137 | «92 169 
29 106 61 138 | 93 170 
30 107 62 139 9h 171 
31 108 63 140 95 172 
32 109 _—C 6h Lil 96 173 


97 17h 
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TABLE V. - Continued. 
THERMOCOUPLE HOOKUP SCHEDULE 


T/C Schedule _— 7_ 


Ch-n No____ ‘T/C No_ Chen No T/C No Ch-n No! T/C No 
1 175 33 207 65 255 
2 196 3h. 208 66 256 
S 177 35 209 67 258 
1, 178 36 210 68 259 
2 L179 37 211 69 260 
6 180 38 212 70 261 
fi 181 39 213 fae 262 
& 182 LO 21), 72 263 
9 182 Ll 215 13 261, 
10 18): L2 216 TL, 265 
11 185 1,3 217 as, 266 
12 186 Lk 218 76 267 
13 187 1,5 219 (ei 268 
Lh 188 16 220) 78 269 
15 189 L,'7 221 79 270 
16 190 L8 222 80 271 
17 191 L9 — 223 81. 272 
18 192 50 22k, 82 273 
19 293 51 2,1 83 271, 
20 LOL 52 22 8, 275 
21 195 53 21,3 85 276 
22 196 5h 21,1, 86 277 
23 197 | OD 21,5 87 278 
al 198 56 216 88 279 
25 199 7 2i,7 89 280 
26 200 58 21,8 90 281 
27 201 59 alg 91 282 
25 202 GO 250 92 283 
29 203 61 251 93 281: 
30 20h 62 252 91, 285 
Ba: 205 63 253 95 286 
32 206 6), 252; 96 2877 
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TABLE V. - Continued. 


THERMOCOUPLE HOOKUP SCHEDULE 
T/C Schedule 8 





Channel T/C Channel T/C Channel T/C 
No. No. No. No. No. No. 
L lL 33 34 65 84. 
2 2 i 35 66 | 85 
3 3 32 36 67 86 
iM 4 36 37 68 87 
2 p) 37 38 69 93 
6 6 38 39 70 orn 
7 T 39 40 fe 95 
8 8 ko Tal 72 | 96 
9 9 4 ho | 73 97 
10 10 ho 43 74 98 
LL ll h 3 Ky 75 99 
12 12 hy ks 76 100 
13 1h As 46 TT 225 
14 15 6 kT 78 226 
15 16 \7 48 79 227 
16 17 48 | kg 80 228 
17 18 ko 50 81 229 
18 19 50 Sl 82 230 
19 20 51 52 83 231 
20 21 52 53 84 232 
21 22 53 54 85 233 
22 23 54. 55 86 234 
a3 2h oy) 56 87 235 
ok 25 | 56 57 88 236 
25 26 57 58 89 237 
26 ai 58 TT 90 238 
a 28 29 78 91 239 
28 29 60 79 ge eho 
29 30 61 80 93 Open 

30 31 — «62 81 94. 

31 32 63 82 95 

36 33 64 83 96 

97 Open 
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b. Instrumented Nozzle Base Plate 
Model 22-0TS 


Figure 2. - Continued. 
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c. Wing Leading Edge Clusters 8 and C T/C Locations 


Figure a - Continued. 
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c. Re-entry Nozzle Heating Installation 


Figure 3. - Concluded. 


APPENDIX 
TABULATED SOURCE DATA 


Recovery Factor = 0.9 
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Components are designated by the 4th character in the dataset identifier. 


T tank 

B orbiter fuselage 

L bottom wing surface 

U upper wing surface 

V vertical tail 

N left main nozzle 

R RCS center 

P base plate 

M OMS pod 

Y orbiter fuselage, Y = 0.875 
C wing upper crease 

F orbiter fuselage, Y = 7.525 
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